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Abstract 

Objective: To study the automated segmentation of retinal layers using spectral domain optical coherence tomogra-
phy (OCT) and the impact of manual correction over segmentation mistakes.

Methods: This was a retrospective, cross-sectional, comparative study that compared the automated segmenta-
tion of macular thickness using Spectralis™ OCT technology (Heidelberg Engineering, Heidelberg, Germany) versus 
manual segmentation in eyes with no macular changes, macular cystoid edema (CME), and choroidal neovasculariza-
tion (CNV). Automated segmentation of macular thickness was manually corrected by two independent examiners 
and reanalyzed by them together in case of disagreement.

Results: In total, 306 eyes of 254 consecutive patients were evaluated. No statistically significant differences were 
noted between automated and manual macular thickness measurements in patients with normal maculas, while a 
statistically significant difference was found in central thickness in patients with CNV and with CME. Segmentation 
mistakes in macular OCTs were present in 5.3% (5 of 95) in the normal macula group, 16.4% (23 of 140) in the CME 
group, and 66.2% (47 of 71) in CNV group. The difference between automated and manual macular thickness was 
higher than 10% in 1.4% (2 of 140) in the CME group and in 28.17% (20 of 71) in the CNV group. Only one case in the 
normal group had a higher than 10% segmentation error (1 of 95).

Conclusion: The evaluation of automated segmented OCT images revealed appropriate delimitation of macular 
thickness in patients with no macular changes or with CME, since the frequency and magnitude of the segmentation 
mistakes had low impact over clinical evaluation of the images. Conversely, automated macular thickness segmen-
tation in patients with CNV showed a high frequency and magnitude of mistakes, with potential impact on clinical 
analysis.
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Introduction
Optical coherence tomography (OCT) is a widely used 
noninvasive diagnostic device that provides objective 
evaluation and measurements of retinal structures, such 

as macular thickness, through automated segmentation 
of macular layers [1]. It is largely used to define the cri-
teria of progression, stabilization, or regression of dis-
eases. OCT results have been used in various studies and 
clinical trials as the inclusion and therapeutic response 
criteria of many retinal treatments. Consequently, OCT 
has a strong influence on the decisions for maintaining, 
interrupting, or changing therapy, especially in common 
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conditions, such as age related macular degeneration 
(AMD) and diabetic macular edema [2–5].

The Spectralis™ OCT has tools for manual correction 
of automated segmentation, and previous studies have 
shown significant differences between the automated and 
the manual measurements in macular pathologies [6–8]. 
These differences could possibly influence decision-mak-
ing, so recognizing the presence of automated segmen-
tation errors, and knowing in which pathologies these 
errors are more common is important. In this study, we 
compared the frequency and the magnitude of the errors 
of Spectralis™ OCT automated segmentation to manual 
segmentation for normal eyes, eyes with cystoid macular 
edema (CME), and eyes with choroidal neovasculariza-
tion (CNV).

Materials and methods
This retrospective, cross-sectional, comparative study 
was conducted at the Retina Service of the Federal Uni-
versity of São Paulo, after approval from the university’s 
investigational review board.

Participants
Patients with normal macular anatomy, CME, and CNV 
were selected and retrospectively analyzed. Images were 
excluded if they did not include the whole retinal thick-
ness or present other coexisting ocular conditions, such 
as retinoschisis, posterior pole staphyloma, chorioretinal 
scars, macular hole, epiretinal membrane, and other pos-
terior pole lesions.

OCT
Heidelberg Spectralis OCT (Heidelberg Eye Explorer ver-
sion 1.9.10.0, HRA2 Family acquisition module 6.3.2.0, 
Viewing module 6.3.4.0) images included either 25 or 
39 horizontal raster lines (Fast mode). Retinal thickness 
measurements of the center of the fovea [central sub-
field of nine early treatment diabetic retinopathy study 
(ETDRS) subfields] were acquired and analyzed before 
and after manual correction.

Image quality
Each OCT examination was assessed using the mean 
quality index (mean QI) of all its images and by the mini-
mal quality index (lowest quality index image = Min 
QI). No exams were excluded due to low QI. Segmenta-
tion error frequencies and QI index correlations were 
assessed by statistical analysis.

Measurements errors determination and manual 
segmentation correction
Automatized segmentation was compared to manual 
correction accomplished by two independent examiners 

(A.A., B.M.). In cases of disagreement, both readers 
reanalyzed the images and a consensus was obtained.

The images provided by the software for the three 
groups were analyzed, and the pattern of the mistakes 
was identified: internal limiting membrane (ILM) deline-
ation error, Bruch’s membrane (BM) delineation error, 
or both. The segmentation of each b-scan of the raster 
scan was then manually corrected to the proper posi-
tion (Fig. 1). A variation higher than 10% in the ETDRS 
thickness map was considered a clinically relevant error. 
This criterion was based on protocols that established a 
variance of 10% in the central subfield thickness as a ther-
apeutic response when treating macular edema with anti-
VEGF drugs [3–5].

Statistical analysis
The difference in the frequency of significant mistakes 
(greater than 10%) in the groups was analyzed by Stu-
dent’s t test.

Statistical analysis was conducted using specific statis-
tical software (SAS University Edition, 2016, Cary, NC, 
USA). In each group, the subfield thicknesses were meas-
ured before and after manual correction of delimitation.

The Shapiro–Wilk test was used to determine if the 
values had a normal distribution. The measurement dif-
ferences were analyzed by a paired t test for normal dis-
tributions and by the Wilcoxon Signed Rank for skewed 
distributions. A p value < 0.05 was considered statistically 
significant.

Results
In total, 372 OCT scans of 254 patients imaged between 
August 2015 and February 2016 were reviewed. Overall, 
66 images were excluded, 52 exams due to incomplete 
retinal scanning and 14 exams due to concomitant mac-
ular diseases. From those, a total of 306 images of 241 
patients were included and divided into three groups: 95 
in the normal macula group, 140 in the CME group, and 
71 in the CNV group. The mean age was 53.75 years in 
the normal macula group, 60.43 years in the CME group, 
and 71.15 years in the CNV group.

In the normal macula group, the mean difference of 
central thickness between automatic and manual meas-
urements was 9.80 ± 15.01  μm, with no statistically sig-
nificant difference. This difference was 14.83 ± 30.87 μm 
in the CME group (p = 0.002) and 52.55 ± 63.467  μm in 
the CNV group (p < 0.0001).

The analysis between mean central error of the differ-
ent groups revealed a higher magnitude of error in the 
CNV group (p < 0.001). No significant difference was 
noted between the magnitudes of the mean central error 
when comparing the CME and normal macula groups.
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Fig. 1 Examples of segmentation error and the manual correction of (a, b) the internal limiting membrane in a normal macula and of the Bruch’s 
membrane in (c, d) an eye with cystoid macular edema and (e, f) choroidal neovascularization
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The frequency of segmentation errors was 5.3% (5 of 
95) in the normal macula group, 16.4% (23 of 140) in the 
CME group, and 66.2% (47 of 71) in the CNV group. The 
frequency of errors between the three groups was statis-
tically different (p < 0.001). The error frequency was sig-
nificantly higher in CNV group than in the CME group, 
whereas the errors were statistically higher in the CME 
group than in the normal macula group (Fig. 2).

In the normal macula group, the most common error 
affected the ILM delimitation, which occurred in four 
of five cases. In three of those four cases, this happened 
due to the delimitation of the posterior hyaloid, as it was 
the ILM. In one case, there was an isolated error of BM 
delineation. For the CME group, the concomitant error 
of BM and ILM occurred in 7 of 23 cases (30.43%), an 
isolated BM error in 11 of 23 cases (47.82%), and an iso-
lated ILM inaccuracy in 5 cases (21.73%). For the CNV 
group, the concomitant error of BM and ILM occurred 
in 7 of 47 cases (14.89%) and an isolated BM error in 39 
(82.97%) of the eyes. Thus, 97.87% of the errors evolved 
BM. Only one case showed an isolated ILM error in the 
CNV group. The distribution of error location was not 
homogenous for the CNV group (p < 0.001) (Fig.  1). In 
that group, the BM errors were significantly higher than 
the other types of error. The CME and normal macula 
groups had no statistically difference between BM, ILM, 
and combined errors (Fig. 3).

The frequency of clinically relevant errors (error 
greater than 10%) between the automated and manual 

measurements in the central thickness was 1.4% (2 of 
140) in the CME group and 28.16% (20 of 71) in the 
CNV group. Only one error greater than 10% occurred 
in the normal macula group. The frequency was sig-
nificantly higher in the CNV group than in the normal 
macula and CME groups (p < 0.0001). No difference 
was evident between the normal macula and the CME 
groups (Fig. 4).

Due to the high prevalence of segmentation error 
in the CNV group, the QI was checked for correla-
tion with segmentation error in a particular analysis. 
The average QI in the CNV subgroups, when compar-
ing exams without segmentation error (average QI of 
22.66 ± 3.92) and exams with segmentation error (aver-
age QI of 21.69 ± 4.7), was similar and had no statistical 
difference (p = 0.38). In the CNV group, the min QI val-
ues in the exams with and without segmentation error 
were 15.96 ± 4.7 and 18.08 ± 5.68, respectively, with no 
statistical difference (p = 0.15).

A sub-analysis was performed in the CNV group to 
correlate the segmentation error location (BM or ILM) 
with a specific pattern of fluid accumulation. The CNV 
group was divided in: 1. Absence of fluid, 2. Sub-RPE 
fluid, 3. Sub-retinal fluid, 4. Intraretinal fluid and 5. 
Combined fluid, when more than one type of fluid was 
presente. Using the Fischer Exact Test, no statistically 
significance (p = 0.999) correlation was found.

Fig. 2 Comparison of the frequency of segmentation errors between the normal macula, the cystoid macular edema (CME), and the choroidal 
neovascularization (CNV) groups
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Fig. 3 Comparison of the location of the segmentation errors among the normal macula, the cystoid macular edema (CME), and the choroidal 
neovascularization (CNV) groups. BM Bruch’s membrane, ILM  internal limiting membrane

Fig. 4 Comparison of the frequency of clinically relevant errors (error greater than 10%) between the automated and manual measurements 
between the normal macula, the cystoid macular edema (CME), and the choroidal neovascularization (CNV) groups
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Discussion
The normal human retina is well assessed by OCT scans 
using a low coherence wave light source and interferom-
etry with a longitudinal resolution of 10 μm [1]. OCT is 
widely used in clinical trials, but it serves most impor-
tantly as a daily tool for clinical decisions in macular 
diseases. Nevertheless, the assistant ophthalmologist 
or the ophthalmic technician in charge of the images 
often misses the manual correction available in the OCT 
device.

The frequency of segmentation error has been investi-
gated previously in order to predict groups of pathologies 
associated with higher odds of misalignment of the auto-
mated segmentation, which prejudices the interpretation 
of the OCT scans [6–8]. Our study has demonstrated a 
difference in central thickness between automatic and 
manual measurements of 9.80 ± 15.01  μm, which falls 
within the accuracy expected for the OCT device. The 
frequency of the segmentation errors was 5.3% (5 of 95) 
in the normal macula group, which was consistent with 
the frequencies reported in other studies [9, 10].

Sohn et  al. [11] found only one segmentation error 
in 21 patients with CME subjected to OCT Spectralis 
analysis, while Lee et  al. [12] found only one case in 40 
images of 20 patients in a study involving only high qual-
ity images. Forte et  al. [13] reported 12 cases with seg-
mentation error in 30 patients with diabetic macular 
edema, including low quality images. Matt et al. found a 
frequency of moderate and severe mistakes (defined as 
> 50 μm) of 1.4% in 20 cases with macular edema due to 
retinal branch venous occlusion [10]. In our study, 140 
cases of CME, independent of the cause, were included. 
Of those, 17.14% presented segmentation errors, and 
1.4% were clinically relevant errors (> 10%).

Sadiq et  al. [8] found 66% segmentation errors in 29 
eyes with wet AMD; more than 50% of these errors were 
smaller than 10 μm, while 23% of the images had an error 
over 48  μm. Giani et  al. [14], who also used Spectralis 
OCT, found segmentation errors in 57.6% of 24 eyes with 
neovascular AMD. Ray et al. [6] evaluated 171 eyes and 
categorized their fast macular thickness map scan arti-
facts into six types. Four types (inner and outer retinal 
misidentification, degraded image artifact, and off-center 
artifact) were associated with calculation errors. They 
showed a frequency of artifacts in 43.2% of all their scans. 
In our study, the frequency of segmentation errors was 
66.2% in the CNV group, with 28.16% being higher than 
10%. This frequency could influence the interpretation of 
a therapeutic effect and decision making in clinical and 
research practice [3–5].

The differences between CME and CNV segmenta-
tion error frequencies may reflect a greater distortion 

of the outer retina and retinal pigment epithelium 
anatomy in eyes with CNV, as already noted by other 
authors [7, 9, 15]. Besides the importance of those 
errors in the follow up of patients, the technology 
of OCT angiography brings a new dimension to the 
importance of segmentation errors. The analysis of 
our findings revealed that more than 50% of the seg-
mentation errors involved the ILM in the CME group, 
while almost 100% of the errors involved the BM in the 
CNV group. In the era of the OCT angiography, this 
could represent the nondetection of retina neovascu-
larization in cases of diabetic retinopathy with retinal 
edema and nondetection of CNV in cases of RPE dis-
tortion. In fact, Lauermann et al. found that segmenta-
tion errors affected the analysis of OCT angiography 
in neovascular AMD in 90% of the cases [16].

Image quality surprisingly did not correlate with seg-
mentation problems. In this study, we did not exclude 
images with a low QI. Even in the CNV group, which 
demonstrated a high frequency of segmentation error, a 
sub-analysis performed by comparing the QI of images 
with segmentation error (18.08 ± 5.68) versus images 
without segmentation error (15.96 ± 4.7) revealed no 
statistical difference (p = 0.15). This finding confirmed 
that a low quality of the image is not strictly connected 
to higher rates of segmentation errors. Additionally, the 
type of fluid accumulation in the CNV group did not 
correlate with the location of segmentation error, there-
fore suggesting that the outer retinal distortion caused 
by the CNV plays a major role in delineation issues.

The goal of this study was to evaluate the impact of 
segmentation errors on the interpretation of daily 
practice ophthalmologic exams. We adopted the same 
criteria that previous studies used to analyze thera-
peutic efficacy [3, 4], which approaches our findings 
to the impact of segmentation error in research and 
real life. Also, we could gather a larger sample size in 
comparison with other similar publications [7–12, 14]. 
The presence of the CNV is the major variable that can 
cause clinically relevant segmentation error (> 10%), 
thus we strongly recommend that CNV images should 
be reviewed, especially in clinical trials and when the 
macular thickness is an important outcome.

Some important limitations of the present study are 
its retrospective nature and transverse design, as well 
as the inability to evaluate the impact of segmentation 
errors over the follow up period, especially in cases that 
showed higher differences between the automated and 
manual segmentation. In addition, all exams were per-
formed using the same equipment, and the same results 
may not be obtained with other devices with different 
automated segmentation qualities.
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Conclusion
The automated segmentation errors can potentially influ-
ence clinical decisions based on macular thickness meas-
urements in eyes with CNV. Conversely, segmentation 
errors involving CME had rarely (1.4%) enough magni-
tude to cause misinterpretation of the exam. Therefore, 
when considering the normal macula, the segmentation 
errors are likely irrelevant.
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